BACKGROUND: Limited scientific information is available on the eating quality of
INTRODUCTION
Potatoes are often considered a high water usage crop 3 and are very susceptible to water deficit. Successful potato production thus depends on sufficient water supply during the crop's growing season. Two potato production methods, namely dry-land and irrigation are used to produce potato crops. During the past two decades there has been a prominent shift away from dry-land production towards production under irrigation in South Africa.
Presently, approximately 80% of the crop is grown under irrigation or supplemented with irrigation (http://www.potatoes.co.za).
appearance, aroma, flavour, texture and after-taste differ from the eating quality of potatoes produced in other parts of the world.
The eating quality of potatoes is determined by both physical and sensory attributes which are determined by the potato's structure and chemical composition. Physical attributes are those related to the structure of the potato (dry matter and specific gravity) as well as the chemical composition of the potato (for example the starch composition). Therefore, texture as an expression of the structural, physical and mechanical properties of plant tissue is of utmost importance in consumers' perception of potato quality. 6 Sensory evaluation relates directly to the textural attributes of a potato such as the first bite (hardness in the mouth, and firmness/compactness), while the physical measurement of specific gravity of potatoes relate to mastication which in turn impacts on the sensory evaluation of graininess, mealiness, moistness and dryness. The sensory attributes of potatoes determine the culinary application thereof and it varies between cultivars and production region. 6, 7 The unique sensory and physical attributes of potato cultivars are important in culinary preparations and should be described by a trained panel. 7 The biological variation between potato tubers of the same cultivar is high, and it is known to influence the texture of cooked potatoes. 8, 9 As different growing and climatic conditions exist in different potato production regions in South Africa, the aim of this study was to determine, describe and compare, the eating quality of three selected potato cultivars from two production regions namely an irrigated (Limpopo province) and a dry-land % of the total summer harvest. 4 Three potato cultivars, namely BP1, Mondial and FrutiLay were used in this study. BP1 is a South African cultivar with a white skin and flesh colour and has an oval slightly flattened shaped tuber. 11 The Mondial cultivar has a pale yellow skin flesh colour and an oval to long tuber shape. Both these cultivars have a medium growing period of 90-110 days from emergence to natural foliage dieoff with a high yield potential with medium-to large-sized tubers under favourable growing conditions 11 The FrutiLay cultivar represents a group of processing potato cultivars with a high dry matter (HDM) content and served as control.
MATERIALS AND METHODS
The study was conducted in two phases. Phase 1 involved descriptive sensory evaluation performed by a trained sensory panel, whereas phase 2 dealt with physical measurements to obtain objective data on the three cultivars.
Sample and sampling method
The potato samples were drawn from different farmers in each of the production regions. In each of the regions, three farmers (producers), using similar agricultural production methods (thus similar growing and harvesting conditions)
were selected and potato samples from each farmer within the two regions were gathered. Potatoes (60 kg of each cultivar) were randomly sampled from different areas and put into brown paper bags. All the samples were at the same physiological age and were harvested on the same day during the first week of February 2007. All samples were transported the next day to the analytical facility at the Agricultural Research Council, Irene, Pretoria. Upon reception of the samples, they were removed from the brown paper bags and placed in crates in a dark, ventilated room at a moderate room temperature of 18 °C. Each crate was marked with a randomly selected three-digit code to minimise bias.
Six medium-sized potatoes from each cultivar were selected, weighing raw between 180 and 240 g each. Simple random sampling was used when selecting cultivar samples for cooking each day in preparation for the sensory evaluation. The potatoes were washed and scrubbed to remove any soil or dirt present.
Preparation of samples for the sensory evaluation
Potatoes of each cultivar from the two production regions were placed into two- The potatoes were removed from the heat, drained and weighed to determine the change in moisture. The potatoes were transferred to a pre-heated glass bowl and kept warm at 75 ºC in calibrated Miele (H217) ovens for 10 minutes.
After the resting period, the potatoes were cut into sample sizes (half of the Trained panel members received a sensory evaluation form describing the sensory attributes of aroma, texture, flavour and after-taste, to perform the descriptive sensory evaluation ( Table 1 ). The lexicon of Thybo and Martens, 12 was used as a point of reference and adapted to include the attribute descriptors of panel members. 
Phase two: Physical Evaluation
In phase two physical measurement tests were conducted to collect objective data on the three potato cultivars. This included physical measurements of specific gravity, shear force resistance measurement and scanning electron microscopy (SEM).
Specific gravity is the ratio of the density of a food (or other substance) to that of water. 14 Specific gravity was performed on raw potato tubers and calculated by the under-water-weight method by Es and Hartmans as described in
Rastovski et al. 15 The under-water-weight (UWW) refers to weight of a potato batch under water in grams as a calculation of the weight of the same potato batch above water. This formula of specific gravity was used to obtain the specific gravity of the potatoes, where
Shear force resistance measurement refers to the force required to shear through a raw and/or a cooked potato. 16 Cylindrical raw and cooked potato samples with a 12.5 mm core diameter were cored parallel to the length of the The fixation medium consisted of 2 ml 2.5 % formaldehyde, 2 ml 2.5 % Glyceraldehyde, 10 ml Na/K buffer and 5 ml distilled water. After 24 hours the samples were dried overnight in a Critical Point Dryer (Bio-Rad E3000, Watford, England), after which the samples were coated with gold by a Polaron E5200C
Sputter Coater (Watford, England). Scanning Electron Microscopy was performed by a JSM-840 Scanning Electron Microscope (JEOL, Tokyo, Japan).
Data analysis
During data exploration, using GenStat®, 17 outliers were identified and panel performance was investigated as well. Outlying data was checked for accuracy.
A one-way ANOVA test was applied with Fisher's protected t-test least significant difference at 5 % level of significance among cultivar means, as the final dataset was acceptably normal and cultivar variances homogeneous.
Within a region, selected sensory attributes showed significant differences as obtained with GenStat ®. 17 Principal component analysis (PCA) were performed to graphically illustrate the correlations between the different sensory attributes in order to establish whether different production regions and growing conditions have an effect on the sensory attributes of the cultivars with a regionto-region evaluation among the cultivars.
Partial Least Squares (PLS) regression modelling 18 was applied to the two production regions and the three potato cultivars, to determine whether there are regional and/or cultivar differences. In the biplot, the Y=dependent variables were the sensory attributes of 17 mean values per cultivar, and the X=independent variables were six mean objective measurement values per cultivar. The PLS regression was applied to relate the sensory attributes to the objective measurements 19, 20 and to identify the most important attributes differentiating between the potato cultivars as well as between the two regions.
In the data sets in which one or more of the variables are special or of more interest relative to some others -one would be able to detect broader patterns of interrelationships among products and among sensory characteristics. Table 2 presents the mean values of the sensory evaluation of the three potato cultivars from the two regions, namely Limpopo (irrigated) and the Eastern Free State (dry land).
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RESULTS AND DISCUSSION
Sensory evaluation
The ANOVA analysis detected significant differences for 16 of the 17 sensory attributes between cultivars from Limpopo (irrigation). Significant differences were established for only five (earthy aroma, buttery aroma, compression, hardness and compactness) of the 17 sensory attributes that were measured between the cultivars from the Eastern Free State region (dry-land). Although the three cultivars from Limpopo (irrigation) indicated to have significant differences related to aroma, texture, flavour and aftertaste, the same cultivars from the Eastern Free State (dry-land) did not significantly differ from one another with regard to texture when chewing, flavour or after-taste. A comparison of the objective measurements, including specific gravity, shear force measurement, and percentage softening, was performed for the three cultivars from the two production regions. . The results are presented in Table 3 .
Significant differences were found between the cultivars from each region for specific gravity with the HDM cultivars from both regions having significantly higher specific gravity than the Mondial and BP1 cultivars. Mondial cultivars from both regions has significantly higher shear force resistance when raw, compared to the other two cultivar. HDM cultivars had the lowest resistance to shear force when raw. Although no significant difference in sheer force when cooked and cooled was observed between the three cultivars from the Eastern Free State (dry-land), the HDM cultivar from Limpopo had a significantly higher resistance to shear force when cooked and cooled than the other two cultivars from this irrigated region (Limpopo). . This correlates with the ANOVA analyses ( Table 2 ) which found less significant differences between the attributes of the three cultivars from the Eastern Free State (dry-land), than between the three cultivars from the Limpopo region (irrigation). The Mondial cultivar from the irrigated region (Limpopo) was characterised by having the sensory attributes of moistness, cooked potato flavour and aroma, and adhesiveness/waxiness whereas the BP1 and the HDM cultivars from this region were associated with a buttery aroma, compression with the fork and a buttery flavour as seen in Figure 1 . 
Principal component analysis
Interpretation of the partial least squares (PLS) regression model on two production regions
In the biplot (Figure 2 ), the Y dependent variables were the sensory attributes per cultivar, and the X independent variables were the six objective measurements. The PLS regression was applied to relate the sensory attributes to the objective measurements 19, 20 and to identify the most important Furthermore, the biplot indicates clearly that cultivar differences are less apparent (production points cultivars closer together) in the Eastern Free State, than in the Limpopo region which suggests that cultivar differences in a dry-land region are less evident compared to cultivar differences between potatoes produced in under irrigated conditions.
CONCLUSIONS
The intensity of the sensory attributes of the three cultivars evaluated varied between the two production regions. From the results obtained it is clear that the eating quality of the potatoes from the two production regions differed from one another due to climatic conditions and other production characteristics that exist (i.e. dry-land versus irrigation). The study confirms the need to determine and describe the eating quality of potato cultivars from all production regions in South Africa as significant differences occurred between the potatoes produced in these two regions.
